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Abstract 
An advanced cryogenic air separation process for oxy-combustion is proposed based on self-heat recuperation 
technology. Compared with the conventional double-column cryogenic air separation process, only one distillation 
column is used in the proposed process. The heat of N2 product gas from the top of the distillation column is 
recirculated by exchanging latent heat with the liquid O2 in the bottom and feed streams, largely reducing the energy 
consumption. The simulation results showed that the energy consumption of the proposed cryogenic air separation 
process was decreased by 30% comparing with the conventional process, when producing O2 with low purity (95 
mol%) and low pressure (120 kPa). 
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1. Introduction 
Carbon dioxide capture and storage (CCS) technology is a promising technology to reduce the CO2 
emission [1]. Currently, CCS is still not commercialized due to its intensive energy cost, especially for the 
CO2 capture processes [2]. Usually, there are three kinds of technologies for CO2 capture: post-
combustion, pre-combustion, and oxy-combustion [3]. Among them, oxy-combustion technology is a 
competitive technology, in which nearly pure oxygen (around 95%) is used for combustion. Thus, the 
main products are CO2 and H2O, which can be easily separated in post processes. However, the energy 
input for the oxy-combustion is also intensive due to the O2 production process. 
Cryogenic air separation process is commonly used for large amount of O2 production in industry. The 
conventional process usually contains one high pressure column and one low pressure column. To reduce 
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the energy consumption, the condenser in high pressure column is combined with the reboiler in low 
pressure column [4]. Although the energy consumption can be reduced by exchanging the latent heat of 
N2 condensation in high pressure column and O2 vaporization in low pressure column, a large amount of 
energy for making pressure difference between the high and low pressure columns is required.   
Recently, to reduce the energy consumption in the distillation process, self-heat recuperation 
technology has been developed, which significantly reduced the energy consumption [5-6]. In this study, 
an advanced cryogenic air separation process for oxy-combustion is proposed based on self-heat 
recuperation. Only one distillation column is used in the proposed process. N2 gas from the top of the 
distillation column is compressed and exchanged latent heat with the liquid in the bottom and feed 
streams. Both the conventional and proposed processes are simulated for comparison. 
2. Cryogenic air separation process 
2.1. Conventional cryogenic air separation process 
    Fig. 1 shows the flow sheet of a typical conventional double-column cryogenic air separation process. 
In this process, ambient air is firstly compressed, cooled to room temperature, and then subcooled to near 
dew point in the main heat exchanger before feeding into the high pressure (HP) column. In HP column, 
liquid N2 and O2-rich air liquid are separated. Then the liquid N2 is subcooled, depressured and fed into 
the top of LP column as liquid reflux, while the O2-rich air liquid is subcooled, depressured and fed into 
the middle of LP column. After distillation in LP column, high purity O2 is obtained at the bottom, while 
high purity N2 and low purity N2 are obtained at the top of LP column. These products are then 
depressured and change heat with subcooler and main heat exchanger, respectively. 
 
 
Fig. 1 (A) Process configuration of conventional cryogenic air separation process; (B) distillation module of proposed process  
2.2. Proposed cryogenic air separation process 
    Fig. 2 shows a cryogenic air separation process for oxy-combustion based on self-heat recuperation 
technology. This process is similar to the process proposed for steel-works furnace reported by Kansha et 
al [6]. However, the product O2 purity is different, which is 95% for oxy-combustion, and detailed stream 
flow are different. The main principle of the proposed process is to exchange the heat of compressed N2 
from the top of the distillation column (DC) with that of the depressured O2 from the bottom in the heat 
exchanger HX1. Then the N2 and O2 are adjusted to near boiling point and dew point before flow back to 
the DC by exchanging heat with other streams, which are shown in Fig. 2. Thus, neither condenser nor 
reboiler is required in this process, which significantly reduced the energy consumption. 
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2.3. Process simulation 
Both the flow sheets were simulated with the process simulator PRO II 9.1, using Peng-Robinsons 
equation as the state. The simulation assumptions are referred to the previous work [6], in which the 
composition of feed air was 80 mol% N2 and 20 mol% O2 at standard temperature (25°C) and pressure (1 
atm). The stage number for HP, LP and DC column were 7, 20 and 100, while the pressure for HP, LP 
and DC column were 446 KPaG, 50 KPaG and 200 KPaG, respectively. The minimum temperature 
differences in the heat exchangers were assumed to be 1.5 K in HXM, 6 K in HXsc, 1.2 K in HX1, 6 K in 
HX2, 10 K in HX3, and 24 K in HX4. The minimum temperature between the condenser in HP column 
and the reboiler in LP column is assumed to be 1 K. The adiabatic efficiency in all compressors were 
assumed to be 100%. We assumed that the flow rate of feed air was 167, 000 m3/h at standard 
temperature and pressure, and the purity of the product O2 was around 95%. 
3. Results and discussion 
As no energy input is required for the distillation module, the energy input of the cryogenic air 
separation process is only due to the work of compressors. The simulation results showed that the total 
energy consumption of the conventional cryogenic air separation process was around 9049 kW, while it 
was only 5707 kW for the proposed process based on self-heat recuperation technology. The specific 
energy consumption for the proposed process was 21.3 KJ/mol-O2, while it was 14.71 KJ/mol-O2 for the 
conventional process. Thus, the energy consumption of the proposed process was reduced by around 31%. 
The main reason for the energy saving is the good internal heat circulation in the proposed process. Fig. 2 
showed the temperature-heat duty diagram of heat exchangers (Fig. 2A) after distillation column and the 
main heat exchanger (Fig. 2B) in the proposed process. It can be seen that the heat paring in each heat 
exchanger matched very well, which could largely reduce the exergy losses. Due to the good internal heat 
circulation, high pressure is not required in the distillation column of our proposed process. 
 
Fig. 2. Temperature-heat duty diagram of heat exchangers after the distillation module (A) and main heat 
exchanger (B) for the proposed cryogenic air separation process  
 
Fig. 3 shows the energy and material flow diagram of both processes. The boxes represent units, lines 
represent the flow of materials and energy, and the red lines represent the energy input or output during 
the systems. We assumed that a heat exchanger can be divided into a heat transmitter and a heat receiver. 
It can be seen that the main heat exchanger had the largest duty for both processes, which were 11.5 MW 
(conventional process) and 13.8 MW (proposed process), respectively. In addition, the heat (4.86 MW) of 
N2 condensation was recirculated for the vaporization of O2 in the distillation column of proposed process, 
largely reducing the energy input. Thus, a high pressure was not required for the distillation column in the 
proposed process in contrast to the high column (446 kPaG) in the conventional process.  
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Fig. 3 Energy and material flow diagram of the total cryogenic process (A), distillation module of conventional (B) 
and proposed (C) process  
4. Conclusion 
    An advance cryogenic air separation process for oxy-combustion based on self-heat recuperation 
technology was proposed in this study. Compared with the conventional double column cryogenic air 
separation process, only one distillation column was used in the proposed process. The simulation results 
showed that the energy consumption of the proposed cryogenic air separation process was decreased by 
31% in contrast to the conventional process, when producing O2 with low purity (95 mol%) and low 
pressure (120 kPa). 
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